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LONGITUDINAL STABILITY AND D&IG CHARACTERISTICS AT MACH 

OBTAINED FROM ROCKET-PROPEUXD MODEI;S 

By A. James Vitale, John C .  McFall, Jr., 
and John D. Morrow 

F l i e t  t e s t s  at Mach  numbera from 0.75 t o  1.50 have been made of a 
rocket-propelled  airplane  configuration model  and of a drag model, each 
having a 60° swept w i n g  of aspect  ratio 2.24 with different  fuselages. 
The longitudinal  stability,  control, and drag characterist ics of the 
airplane  configuration were determined by analysia of  the response of 

of the  drag model were obtained from the zero - l i f t  decelerations of 
this model. \ 

The lif t-curve elope of the airplane  configuration model had a 

? the model t o  disturbances in   p i tch .  The  minimum-drag characterist ics 

L 

very small variation throughout the Mach  number range investigated and 
was affected  very little by the   e laa t ic i ty  of the wing. A mall rear- 
ward movement of the aerodynamic center with Mach  number was found 
which appeared t o  be associated  with changee i n  downwash on the t a i l .  
Li t t le   var ia t ion with Wch number i n  the percentage of t o t a l  normal 
force  carried by the exposed wlng was noted for   the  sirplane configura- 
t ion,  and the assumptions tha t   the  f'uselage lift i s  proportional t o  the 
wing area or the  portion of span loading diagram intercepted by the 
fuselage  are  approximately  correct up t o  a Mach number of 1.56. T h e  
zero-l i f t  drag of the wing was a small part of the drag of the complete 
airplane  configuration model  and the drag r iee  was a t  a Mach  number of 
about 0 .go. The drag model had a drag-riee Mach number of 0.975 and 
low transonic and supersonic drag. The variation of drag with lift 
coefficient showed that the drag due t o  lift was smaller by about one- 
third at supersonic  speeds and one-fourth a t  subsonic speeds than would 
have been  expected i f  there had been no leading-edge  suction. * 
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INTRODUCTION . 
A general  research  program  utilizing  rocket-propelled  models  in 

free  flight  is  being  conducted  by  the  National  Advisory  Committee  for 
Aeronautics  to  determine  the  transonic  and  supersonic  longitudinal  sta- 
bility,  control,  and drag characteristics  of  airplane  configurations 
(references 1 to 3 ) .  The  method of obtaining  this  information  involves 
an  analysis of' the  response  of  the  model to disturbances  in  pitch  and . 
is  presented  in  detsiled  form  in  reference 1. 

The  purpose  of  this  paper  is  to  present  the  results  from  the 
flight of a moael having a wing with the  quarter-chord  line  swept 
back 60°, aspect  ratio 2.24, and  taper  ratio 0.33. The  airfoil  sec- 
tions  of  the  wing  perpendicular to the  32.66-percent-chord  line  were 
HACA 64~,0)AOll at  the  root  and NACA 64A008 at  the  tip.  The wing was 

similar  to  the  variable-sweep wing of  the  Bell X-5 research  airplane  in 
the 60' sweptback  position  without  the 53' swept-leading-edge  fillet. 
The wing-off longitudinal  characteristics of the  model  are  presented  in 
reference 2, the  fueelage  and  tail  surfaces  being  similar  to  the  three 
models in reference 2. 

An all-movable  horizontal  tail was used  for  longitudinal  control 
on the  airplane  configuration,  and  durigg the flight  the  horizontal 
tail was moved  between  deflectfons  of 2 to -lo in an approximate  square- 
wave program. An analysis  of  the  flight  time  history of the  response 
of  the  model  to  the  horizontal-tail  motions was made  to  determine  the 
longitudinal  stability,  control,  and  drag  characteristics  between  Mach 
numbers f r o m  0.75 to 1.50. 

"he  minimum-drag  characteristics of the  wing  of  this  configuration 
were  obtained from the flight  of a model  with a similar  wing  but  dif- 
ferent  fuselage.  The  technique  for  obtaining  this  information  is 
presented  in  reference 4. 

The  models were flown  at  the  Langley  Pilotless  Aircraft  Research 
Station  at Wallops Island,  Va. 

SYMBOLS 

CC 

normal-force  coefficient (2 E i )  
chord-force  coefficient - p $ )  
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Cm pitching-moment coefficient 

cmo pitching-moment coefficient  at zero angle of attack and zero 
elevator  deflection 

- .  

% Xing normal force, pounds 

camplete model normal force, pounds 

C wing chord, feet 

C KLng mean aerodynamic chord, feet - 

an normal acceleration a a  obtained from accelerometer, feet  per 
second per second 

"2 longitudinal  acceleration as obtained from accelerometer, feet  
per second per second 

g acceleration due t o  gravity,  feet per second per second 

P free-stream s ta t ic  pressure, pounds per square foot 

P O  

.- 

L atandard  sea-level  static  pressure (2116 lb per s q  ft) 

be/2 exposed wing semispan, feet 

%/2 exposed Xing semispan  measured along 0.40-chord line,  feet . .  

Y lateral  distance from fuselage  side,  feet 

yx lateral  distance from fuselage  aide measured along-0.kO-chord 
line,  feet ' 

G shear modulus of elastic.ity, pounds per square inch 

L load  applied, pounds , .  

me 
m - couple applied near w i n g  .tip, 5ncE;pounds . . 

wing torsional-stiffness parameter, inch-pounds per radian . .  _ "  : .  . .  . 

.. . . .  . 
I . .  . . ,  , .. . . .  
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a angle of attack,  degrees 

6 horizontal-tail  deflection,  degrees 

6 0  downwash  angle  at  zero sngle of attack,  degree8 

M Mach  number 

S wing  area  (including  the  area  inclosed  within  the  f'uselage), 

A aspect  ratio 

square feet 

P period of oscflktion, seconds 

R Reynolds  number,  based on c 
- 

%/2 time  to  damp to one-half  amplitude,  seconds 

Subscripts: 

T trim 

w dng 

A complete  model 

t tip 

b body 

MODELS AND APPARATUS 

Airplane  Conffguration 

The  physical  characteristics of the  airplane  configuration  model 
used in the  investigation  8re  shown  in  figure l(a), and photographs of 
the  model  are  given  in  figure 2. The fuselage  and  tail  surfaces of the 
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> model  were similar to those of the  airplane  configurations  presented i n  
reference 2. For the model reported  herein  the  cylindrical  portion of 

resulting  in a body fineness ra t io  of 13.0. The noBe and tail sections 
of the  fuselage  are  defined by the  ordinates in table I, The body 
frontal area was 10.35 percent of the to ta l  wing area. 

- the  fuselage was lengthened 2 inches forward of the wfng section 

The wing and horizontal tail were constructed of so l id  -aluminum. 
-The a i r fo i l  sections of the wing perpendicular to the 32.66-percent- 
chord line of the airfoils were mACA 64(10)A011 a t   the  root and 
NACA 64A008 at the t i p  a s  shown i n  the wing layout i n  figure l (b)  . The 
w i n g  was similar  to  the  Bell X-5 research  airplane Wfng i n  the 60° swept- 
back position. The 53' mpt-leading-edge f i l l e t s  were not included i n  
the construction of the wing for  the model i n  the present  investigation. 

The horizontal t a i l  was mounted on a ball bearfng built  fnto  the 
ver t ica l   t a i l  and rotated about a hfpge l ine  located  at  42 percent of 
the tail mean aerodynamic chord. A hydraulic  control system deflected 
the  horizontal t a i l   i n  an approximate equare-wave  program. A gap 
existed between the  ver t ical   ta i l  and the root of the  horizontal  tail. 
The gap extended over the forward and rearward 30 percent of the hori- 
zontal t a i l  root chord  and was approximately 0 -5 percent of the  root 
chord i n  xidth. SimLlar gaps existed in  the  three models discussed i n  
reference 2. 

A The model  weighed 124 pound8 and the moment of inertia about the 
pitch axis uas 11.49 slug-feet*. The center of gravity of the model 
was a t  -4.0 percent of the mean aerodynamic  chord. - 

D r a g  Model 

The general arrangement  of the drag model. i s  shown in  f igure  l(c) 
and photographs of the drag model are given i n  figure 3 .  The  body had 
a fineness  ratio of LO with man diameter at 4 0  percent of the body 
length. I ts  profile was formed by two prabolic  mcs, each having i t s  
vertex a t  the &mum diameter . The body frontal area was 6.06 percent 
of the   to ta l  wing area. Body coordinates are found in   table  11. The 
wing was identical   in plan form and section to the wing flown on the 
airplane  configuration. The quarter-chord point.of  the wing mean aero- 
dynamic chord W ~ B  located a t  60 percent of the body length. This 
placed the exposed wing panels behind the body maximum diameter. 

With the exception of the magnesium tail fins and  body tail  cone, 
the model was of mahogany construction  with a polished  lacquer finish. 

! 
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Instrumentation 

The  airplane  configuration  model  contained a telemeter  transmitting 
measurements of normal acceleration,  angle of attack,  longitudinal 
acceleration, wing normal force,  control  position,  total  pressure, and 
a reference  static  pressure. A vane-type  instrument  mounted on a sting 
extending From the  nose of the  model (fig. 2) was used to measure 
angle of attack. The angle-of-attack  indicator  is  described.in more 
detail in reference 5.' 

Wing  normal  force was measured by mounting  the  butt of the wing 
on a beam-type  balance  (see  fig. 4). The balance was designed to 
permit  vertical  tranelation of the wing butt  without  angular  motion. 
The balance, with a wing mounted on it, is  shown in figure 4(a). The 
vertical  motion of the wing relative to the  bulkhead was measured by 
an inductance  gage  calibrated to give measurements of wing normal force. 
The balance  mounted in the wing section of a.model is shown in  fig- 
ure 4(b) . The final  assembly of the wing section  with  the  hatch  and , 

wing in place  is shown in figure 4(c) . The  gaps  between  the wing butt 
and  the  Azselage were sealed  inside the  fuselage  with  rubber  tubing. 

The total-pressure  pickup w e  mounted on a emall strut b e l o w  the 
fuselage. "he static-pressure  orifice was located 4.9 fnches  behind 
the  beginning of the  cylindrical  portfon of the fuselage. A calibra- 
tion of the  reference  static  pressure  for  zero  angle of attack was 
obtained from previous  instrumentation  models. 

The drag model  contained e telemeter trandtting measurements of 
longitudinal  acceleration  and  base  pressure. 

Doppler  radar  and tracking rad8r were used to obtain  model  velocity, 
range,  and  elevation as functions of time. 

Atmospheric  conditions were determined from radiosondes  released 
shortly  after  the  flights. . Fixed  and  manually  operated 16-rnillimeter 
motion-picture  cameras  were  used to photograph  the  launchinge and first 
portions of the  flights. 

Launching  Procedures 

The  airplane  configuration  model was launched  at  approximately 45' 
from the  horizontal by means of a crutch-type  launcher  shown in fig- 
ure 5.  A 6-inch-diameter  solid-fuel ABL Deacon  rocket motor was used 
to boost  the  model to maximum  velocity. The  model was separated  from 
the  booster at booster  burnout by the  different  drag-weight  ratios of 
the  model  and  booster. The  model  contained no sustaining  rocket  motor 
and  elrperienced  decelerating  flight after  separation from the  booster. 0 
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. The  drag model was launched from 8; mobile  launcher at approxi- 
mately 65' from horizontal. A photograph of the  model on the launcher 
is  shown in figure 6. The model vas not  booeted  but  contained  a  6-inch- 
diameter ABL Deacon rocket motor as  a  suetainer. 

Preflight  Measurements 

The measured  torsional rigidity characteristics of the  airplane 
configuration wing are  shown in figure 7. I n  figure  7(a) a couple -8 

applied  near the tip  in  the  free-atream  direction and twist  measurements 
were  made alongthe wing parallel  to the free  stream. For the data in 
figure  7(b) the couple was applied  perpendicular t o  the  40-percent-chord 
line  and  twist  measurements  were m d e  along the wing perpendicular to 
the 40-percent-chord  line. A photograph  of  the wing and the test  equfp- 
ment  used  is shown in figure 7(c). The torsional-stiffness  character- 
istics of the wing are  presented  as the nondimensional  parameter Get.%, 
which  is  independent of size  and material of construction. 

Twist in the free-stream  direction  per unit load  applied  at  various 
loading  stations  along the 25- and  50-percent-chord lines is shown in 
figure 8. The wing with  the  test  equipment w e d  is  shown in figure 8(c). 

For use in comparing  the  aeroelastic  properties of the wing  in  the 
present  investigation with other  results  the  values of free-stream  pres- 
eure  obtained  during  the  flight  divided by standard  sea-level  pressure 
are  presented in figure 9 as a  function of ' M a c h  nmrber. 

TESTS AND rnAItYSIS 

Tests 

During the decelerating  portion of the flight  the  airplane  con- 
figuration model experienced  short-period  oecillations In angle  of 
attack, normal acceleration,  longitudinal  acceleration,  and wing normal 
force  following each elevator  deflection. 

The  measured  angle of attack was corrected to the angle of attack 
at the  center of gravity  of the model by the method of reference 5 .  The 
wing-normal-force  measurements  were  corrected  for  inertia  effects to 
obtain  aerodynamic  forces. 

For the  airplane  conffguration  model,  Doppler  radar  obtained veloc- 
i t y  information from maximum velocity to a Mach number of 1.2. Below 
the Mach number of 1.2 the pressure  data  were  used  for  obtaining model 
velocity.  Tracking  radar  obtained  flight-path data-er the entire  flight. 



Velocity  information for   the drag madel was obtained by Doppler 
radar over a Mach  number range of 0.6 t o  1.5. Tracking  radar  obtained 
flight-path  data  over the en t i re  flight. I 

Reynolds numbers (based on wing mean aerodynamic chord for  each 
model) obtained  during the fl lghts   are  shown in   f i gu re  10. 

Analys i s 

The short-period  oscillations following each  horizontal-tail 
deflection were analyzed by the methods of  appendix A, reference 1, to 
determine the longitudinal  stability,  control, and d r a g  characterist ics 
of  the airplane  configuration model. 

Below a Mach  number of 0.95 the dat8 for the 2-0' horizontal-tail  
deflection were not used. These oscil lations were i r regular   in  nature 
and could not be analyzed  by the method of appendix A ,  reference 1. 
The same type of oscil lations were obeerved i n  unpublished data and the 
probable  cause for   the  i r regular   osci l la t ions i s  thought to be ef fec ts  
of yaw. 

The wing-minimum-drag characterist ics were obtained from the drag 
model by the technique o f  reference 4. 

ACCURACY 

Airplane  Configuration Model 

The  absolute  accuracy of the  instruments  cannot be stated  precisely 
because the  instrument  calibmtions cannot be checked drU;ing o r   a f t e r  
the f l igh t .  Most of the  probable  instrument  errors  occur as er rors   in  
absolute magnitude and, i n  general,  should be proportional  to 8 cer tain 
percentage of the total   cal ibrated range of the instrument. The fol- 
lowing table  gives estimated values of the  possible  systematic  error8 
i n  the absolute  values of CL and %, as affected by  instrument 
calibration ranges: 

M N D  . M L  

1.5 * 0.007 

f. 0050 f 033 .a 
f .0025 1t.016 1.1 

f 0.001 - - 

i .- 
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P 

Further  errors  in  the aerodynamic coefffcients may a r i se  because 
of possible dynamic-pressure  fnacc*acies which are  approximately  txfce 

obtained  for this model f r o m  peak v e l o c i t y t o  a Mach  number of  1.2. 
Flight-path data were obtafned  by  tracktng r a d a r  over ' the  ent i re  fli&t 
of the model. A consideration of all the factors involved  indicates 
that the Mach numbers are  accurate t o  il percent a t  supersonic  speeds 
and f2 percent a t  subsonic  speeds. 

c as great  as  the errors i n  Mach  number. Doppler radar information was 

The errors i n  the measured angles of a t tack and horizontal-tail  
deflections should  not v a r y  wfth Mach  number because they are not 
dependent on dynamic pressure. The horizontal-tail  deflections should 
be accurate  to CO .lo and the increments i.n angle of a t tack t o  about 90.2'. 
An error  i n  the absolute magnitude of the angle of at tack measurements 
could be caused by a s p e t r y  of the  angle-of-attack vane wmch i s  not 
detectable   pr ior   to   f l ight .  

The wing normal-force measurements were corrected  for  the  inertia 
effects  of the wing and moving p a r t s  of the wing balance.  Since t h i s  
correction i s  directly  proportional t o  the normal acceleration,  the 
accuracy of the  corrected values of w i n g  normal force depends upon the 
accuracy of two instruments. Due to  possible  inatrumentation  errors, 
the absolute magnitude of wing normal force may be i n  error  by *k5 pounds. 
The slope of  the curve of wing normal force  plotted  against t o t a l  air- 
plane normal force i s  more accurate  than the absolute magnitude of  

1 either  quantity. 

- Drag Model 

The er rors   in  the drag test   are  estimated to be withh the fol-  
lowing limits : 

Mach  number . . . . . . . . . . . . . . . . . . . . . . . . . . iO.005 
Drag coefficient based on t o t a l  wing area . . . . . . . . . . . *O.OOOg 

R E W S  AZBD DIscussIo~ 

L i f t  

I 

Figure 11 shows plots of aome typical  lift curves  ubtained  during 
several  oscillations. T h e  complete data d i d  not show any  nonlinearity 
of the.1if-L  curves from lift coefficienta of -0.12 to 0.23 over the 
Mach  number range of -0.95 t o  1.56. The Lfft data  for the 2.0' horizontal- 
t a i l   def lec t ion-  could not be  used below a Mach -number of 0.95 as 

2 explained  previously. . . 
. .  . .  . .  
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The  l if t-curve slope of the complete airplane  configuration model 
had very l i t t l e  variation throughout the Mach  number range a s  shown i n  
figure 12. 

The values  of NL/M shown in  f igure 13 are  in good agreement 
with  the  results  sham  in  reference 2 fo r  three similar models. 

Figure 14 shows typical  plots o f  wing norms1 force  against  the 
t o t a l  normal force  of the model.  The  wing normal-force measurements 
shown were obtained from the w i n g  balance shown in  f igure 4. The data 
points were reduced from the telemeter record et 0.02 second intervals 
and were corrected for  iner t ia   effects .  The  corrected  values  of wing 
normal force were plotted  against   total  normal force  for  the f irst  
1~ t o  2 cycles  of  an  oscillation  following  each  horizontal-tail  deflec- 
t ion.  There was very little sca t t e r   i n  the data  points  for these plot6 
and no difference was indicated  for  increasing or decreasing  angle of 
attack. 

1 

The slopes of the wing load  curves d C p N A  are  s h m   i n   f i g -  

ure 15. It may be seen From figure 15 that the contribution  of  the 
wing t o  the total   a i rplane normal force is approximately  constant over 
the Msch  number range covered. Similar resul ts  are e h m  for high sub- 
sonic speed measurements in  reference 6. 

The  l lf t-curve slopes of the model  components a re  sham in   f i g -  
ure 16. The exposed-wing values were found by  multiplying  the l i f t -  
curve slope of the complete configuration by the  slope dC,/dCnA. The 

tail component was found from the  values of of figure 13 and 
downwash data obtained from reference 7 below a Mach  number of 1.10 and 
calculated downwash t o  a Mach  number of 1.55. The values for the wing 
plus  fuselage were found by subtract ing  the  ta i l  component f’rom the 
l if t-curve slope of the complete configuration. The lift-curve  slopes 
of the exposed wing  and t a i l  (including downwash) were subtracted f r o m  
the  total   to   f ind  the  l i f t -curve slopes of the fuselage  in the presence 
of the wing. 

One of the methods used in  calculating component-loads i n  design 
work has  been the asmmption that the  fuselage  carried that part  of the 
load represented  by  the wing area intercepted by the fuselsge. Assuming 
that the wing extended t o  the center  line  of the model, the  ratio  of 
the wing area outboard of the fuselage t o  the t o t a l  wing area i s  0.671. 
Using a span  loading  for this w i n g  from reference 8, the   ra t io  of the 
load on the exposed wing t o  t he   t o t a l  load i s  0.71. The  r a t i o  of  the 
lift-curve slope of  the exposed wing t o  tha t  of the w i n g  plus  fuselage 
obtained from figure 16 varies from 0.60 a t  subsonic  speeds t o  0.70 a t  
supersonic  speeds. These resul ts  show tha t  the usual assumptions made 

r 
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i n  obtaining component loads  give  approximately  correct  anmers -for ’ -  . _. . 
this wing up t o  a Mach  number  of 1.56. 

-r 

Comparisons are made i n  figure 16 between the  wing-plus-fuselage 
lift-curve  slopes  obtained from the  rocket model  and two wind-tunnel 
tests  (references 7 and 9). The wing teated  in  reference 7 differed 
from the  rocket-model wing in   a i r fo i l   sec t ion  and had an  aspect  ratio 
of 2 compared t o  2.24 for  the  rocket model. The low-speed data f o r  the 

“aca le  Bell X-5 research  airplane model tested  in  reference 9 were 1 
4 
corrected f o r  compressibility  effects by the ‘method of reference 10. 

Also shown in   f igure  16 i s   t he - l i f t - cu rve  slope of  the exposed 
wfng corrected f o r  aeroelastic  effects.  U s i n g  a span loading diagram 
obtained from reference 8 and the twist due t o  bending data  in  f igure 8, 
the  experimental  lift-curve slope was cFrrected t o  the r igid case. 
T h i s  correction was found t o  be  very mall for  the wing tested.  

The minimum-drag reaults f o r  the  airplane and drag  configurations 
are  presented  in  figure 17. Also shown is  the drag coefficient  varia- 
t i on  fo r  the  lacquer-finiah  wingleas body of  reference 11. Phis body 
was ident ical  t o - tha t  used on the drag model except fo r  two  additional 

1 t a i l  fins. The high drag and ear ly   d rag- r i se   hch  number of the   a i r -  
plane  configuration ~ e s u l t s  f r o m  the high-drag body and tail .  and small 
size of the wing re lat ive t o  the body. As a resu l t ,  the w%ng drag 

s represents  a small percentage of  the drag of this  configuration. 

The resu l t s   for   the  drag model, however, show the low drag 
obtained w i t h  t he   t e s t  wing. The configuration has a  drag-rfse Mach 
number of 0.gm and low transonic and supersonfc  drag. 

The l o w  drag of  this  configuration will be more evident if com- 
pared with the resul t s  of reference 11. The dip in   drag  coeff icfent  
at M = 0.98 has occurred on similar  configurations and probably 
result8 from fluctuaticms  in  afterbody  pressure as i s  shown in  refer-‘ 
ence 12. The abrupt change i n  drag coeff f c i en t   a t  M = 1.29 resul ts  
from a change i n  base  drag. 

Wing-plus-interference  drag  coefficfent  obtained from the drag 
model i s  ahom i n  figure 18. This was obtained by s d t r a c t i n g  .the drag 
of the  wingless  configuration from the  drag  of.the.winged drag model. 
Due t o  the  fact   that  the wfnged model had two’fins and thk wingless 
model had four  fins,  a  correction was made f o r  the  difference i n  f i n  
drag  based on drag t e s t s  of, these  fins. 

3 
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In addition, the results were corrected for the difference i n  base 
drag between the winged  and wingless models. The low-transonic and 
supersonic drag fo r  this wing indicate what can  be  obtained  with  the 
proper  cambination  of wing sweepback  and thickness. 

The drag due t o  lift of the  airplane  configuration i s  presented 
i n  figure 19. Also shown i s  the  drag due t o  lift for  no leading-edge 
suction lf57.3Ck and the ideal induced drag  factor l/d. Since 

32.9 percent  of the wing area i s  enclosed  within  the  eelage, it would 
be impossible to  realize  the value I/XA for  dcD/dcL 3 . TIE resu l t s  
show that lesding-edge  suction reduced the drag due t o  lift by approxi- 
mately 30 percent at supersonic  speeds and 25 percent a t  subsonic 
speeds . 

Values of maximum l i f t -drag   ra t io  and CL a t  which maximum lift- 
drag r a t i o  occurs a re  shown i n  figures 20 and 21 for  both the airplane 
and drag  configurations.  For the airplane  configuration the values 
were obtained  by  an  extrapolat on of the  drag  polars  using  the measured 
values of C%in and dCD/dm H . The  amount of extrapolation is  shown 
by the curv-e of maximum liFt coefficient Peached during t h   t e s t .  It 
has been assumed that the drag model had the same dC dC ' a8  the  air-  
plane  conf%guration. The high values of (L/D)max and low values 
of cL for  ( L / D ) = ~  f o r  the drag model are a reflection of the  lower- 
drag tail ,  the higher  ratio o f  Sw/Sb, and the low drag of  the fuselage 

.of  the  drag model as compared with the airplane  configuration. 

D/ 

S t a t i c   S t ab i l i t y  

The measured period8 of osci l la t ion of the  angle of attack  are 
shown i n  figure 22(a). The data converted t o   t h e   s t a t i c   s t a b i l i t y  
derivative C ere shown i n  figure 22( b) . Below a Mach  number of 1.02 
the data are "g 8 own for  the -1.0' horizontal-tail   sett ing only. Above 
t h i s  Mach  number the  data do not show any 
$he lif't range  covered, 

From the data for the winglees model 
possible t o  determine the   to ta l   e f fec t  of 
the airplane. D u e  t o  the  nonlinearity  of 
less model in  reference 2, no attempt was 

I 

* 

nonlinearity  in C,, over 

i n  reference 2 it should  be 
the wing on the s t ab i l i t y  of 
C% and C& of  the w i n g -  

made t o  convert the data t o  
the  center-of-gravity  position of the model discussed i n  th i s  paper. 

P 

A more complete picture of t he   s t a t i c   s t ab i l i t y  i s  shown in   f ig -  
ure 22(c) where the  data were converted t o  aerodynamic-center location 
of the complete model and the wing-fuselage  combination. By multiplying I .  
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the  lift-curve slope of the t a i l  (including downwash) by the t a i l  
length, 2t/F, and dieding by C k  of the complete configuration,  the 

was obtained. The aerodynamic-center position of the wing plus fuselage 
was obtained  by  subtracting the t a i l  increment from the aerodynamic 
center of  the complete configuration. The results show that the  rear- 
ward movement of the aerodynamic center of the complete configur8tion 
as the Mach  number increases i s  probably caused by  the change i n  down- 
-ah on the t a i l .  

- rearward increment i n  aerodynamic-center location caused by the t a i l  

The wing-plus-fuselage aerodynamic center from the rocket-model 
data i s  compared with results from two wind-tunnel investigations, 
references 7 and 9, in-figure  22(c). The dffference i n  flmelage size 
between the  rocket model and the  "scale model of reference 9 may 
account f o r  the more rearward aerodynamic-center position  for the model 
of reference 9 .  

1 
4 

Damping in Pitch 

The tlme required  for  the  pitch  oscillations  to d&p t o  one-half 
amplitude i s  shown i n  figure 23(a) and the  data converted t o  the 
damping factor Cm + CG are shown i n  figure 23(b). Also shown in 
figure 23(b) i s  the damping factor obtained from the wing-off model of 
reference 2 converted t o  the  center-of-gravity  positfon and  dfmensions 
of thSs model. In the Mach  number range shown the pitch dampfng factor 
for  the dng-off  model does not vary  mch  with Mach  number. 

9 

Since the damping factor % + CG f o r  the wing-off model i e  
essentially the Cm of the t a i l ,  the difference between the complete 
model and wilig-off curves of  figure 23(b) is mostly due to   the  negative 
Cw contributed by the wing and  downwash.  The sudden  change i n  damping 
a t  M = 0.85 w a ~  also found for a similar model having a triangular 
wing (from unpublished data), and the reaam f o r  this is, as yet, 
&OW. 

9 

I 

Longitudinal Tr im and Control  Effectiveness 

The trim angles of attack'and lift coefficients are shown in fig- 
ure 24 f o r  horizontal-tail  deflections of -l.Oo and  2.0°. The data 
indicate  an  abrupt trim change i n  both angle of attack and lift coeffi- 
cient f o r  the -l.Oo horizontal-tail  deflection between' M = 0.90 
and M = 1.0. T h i s  same t r i m  change may have  occurred for the 
2.0' horizontal-tail  setting; the number of t r i m  points  obtained i n  

I 

t 

c 

" - 
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th i s  region was not  sufficient  to  establish the correct  fairing of the 
curves. This same type of change was indicated  by  the wing-off model 
of reference 2. 

The effectiveness  of-the  horizontal t a i l  i n  producing pitching 
moment i s  shown in   f igure 25 as incremental  values AC,/A8. When 
converted for  center-of-gravity  position and chord, the ACm/A8 for  
this model agrees very well with the values  presented i n  reference 2 
for  the wingless model with an  identical t a i l .  This repeatabil i ty of 
data obtained from identical  components on different model8 furnishes 
a very good check on the  over-all  accuracy of the data. 

The pitching-moment coefficients' at zero  angle of attack and zero 
horizontal-tail  deflection  are shown in  f igure 26. The variation of 
C& with Mach  number i s  about the same for  th i s  model  and the  three 
models of reference 2. As pointed  out in reference -2, C% i s  primarily 
due t o  a downflow over the t a i l  caused by  the converging rear  portion 
of the  fuselage. A small part  of C,, i s  caused by  the  drag of the 
horizontal and ver t ica l  t a i l  surfaces. The values of horizontal-tail  
deflection  required t o  t r i m  the model a t  zero angle of attack were cor- 
rected  for the drag of the horizontal and ver t i ca l   t a i l s   t o   ob ta in  the 
domwash angle at '  zero  angle  of  attack shown in figure 27. 

CONCLUSIONS 

The flight tests of  a rocket-propelled model of an airplane con- 
figuration having a 60' swept wing of  aspect  ratio 2.24 and of a drag 
model having a similar wing but  different  fuselage  indicated the fol- 
lowing result8 over the Mach  number range M = 0.75 t o  M = 1.30: 

1. The variation of the l if t-curve slope with Mach  number was very 
small and gradual  for  the  airplane  configuration. 

2. The part of the  total   airplane normal force  carried by the 
exposed wing ie approximately  conetant over the Mach  number range 
M = 0.75 t o  M = 1.56. 

3.  The assumptions that  the  fuselage lift is proportional t o   t h e  
wing area  or the portion of span load  intercepted  by the fiselage  are 
approximately  correct fo r  the airplane  configuration up t o  8 Mach 
nu-r of 1.56. 

4. The e l a s t i c i ty  of the w i n g  had very l i t t l e  effect on the lift- 
curve  slope of  the airplane  configuration. 

I 

! 

! 

I 
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5 .  The zero-lift drag of the wing i s  a small part of the drag of 
the  airplane  configuration. The drag r i se  Mach  number i s  about 0.90 
for this configuration. 

6. The.drag mode1,has a drag-rise Mach  number of 0.975 and l o w  
transonic and supereonic drag. The wing-plus-interference  drag never 
exceeded 0 .OOg over the Mach  number range M = 0.90 t o  M = 1.50. 

I 

7. The drag due t o  lift was about 30 percent lower at supersonic 
speeds  and 25 percent lower st s&sonic speeds than  the values that  
would be obtained wtth no leading-edge suction. 

8. The increase in stat ic   s tabi l i ty  with Mach  number of the air-  
plane  configuration i s  probably caused by change i n  downwash on the 
tail. 

9. The contribution o f  the wing t o  the damping factor decreased 
with increasing Mach  number. 

10. Tr im angles and trim lift coefficients have a rise of approxi- 
mately 25 percent f r o m  a Mach  number of 0.93 t o  0.98. 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics - Langley Field, Va. 
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. 
TABLE I 

F[JSEWE NOSE AND TAIL ORDINATES FOR 

AIRPLAIPE C O ~ I G U R A T I O N  

. X  

(in- 1 

* .060 
,122 
.245 
.480 
735 

1.225 . 
2.000 
2.450 
4.800 
7.350 
8.000 
9.800 
12.250 
13.125 
14 375 
14.700 - 
17.150 . 
19.600 
22.050 

0 

24.500 

0.168 
.102 
,210 
.224 
.294 
350 
.462 
639 
735 

1.245 
1.721 
1.849 
2 155 
2 505 
2.608 
2 747 
2 785 
3.010 
3.220 
3 385 
3 500 
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BODY ORDINATES FOR DRAG MODEL 

- - x -  
- 

I 

f Bods coordinates 

I 

X 

0 
.?8 
1.17 
1.95 ' 

3-90 
7.80 
11.70 
15.60 
23 .b 
31.20 
39 9 00 
46.80 

r 

0 
.194 
.289 
.478 
938 

1.804 
2 = 596 
3 315 
4.534 
5.460 
6.094 
6- 435 

L 

X 
~ ~~~ 

54.60 
62.40 
70.20 
78.00 
85.80 
93.a 
101.40 
109.20 
117 .oo 
124.80 
130 .oo 

r 

6.496 
6.442 
6.322 
6.137 
5.886 
5 - 570 
5.188 

3 652 

4.742 
4.229 

3 - 230 

. I  
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Rear view 

t 9985 
. .  

Side view 

W Ing 
Aspect  ratio 
Area (total) 
Areo (ex ed) 
Dihedm$ 

, M A C .  

Horizontal tail 
Total area 
Aspect ratio 
Dihedral 

Vertical tail 
Exposed a r m  

2.2 4 
2.56 s q f t  
1.73 sqft  
.O deg 

14.10 In 

.666qfi 

.oh 
3.0 

1 . 1 1  4ft 

. ". . , . - 
(a) Merd arrangement o f  airplane configuration d e l .  

Figure 1.- Physical characteristics of models. A l l  dimensions in inches. 
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x.4.0. 9.86 it. 
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(c). General arrangement of drag model. 

Fia;ure 1.- Comludad. 
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(a) Three-quarter front view. =-s7 
L-64753 

I 

i 

(b) Top view. ' =wF? 
Figure 2.- Photographs of airp&ane configuration model. L-64754 
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. 

(a) Side view. 

L" 

(b) Top view. 
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(a) W i n g  balance components. 

(b) Wing section with hatch o f f .  -sv= 
L-68566.1 

(c) Wing section. "sP== 
Figure 4. - W i n g  normal-f orce balance. .. L-64756 
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L-66365 Figure 5,- Airplane configuration model on launcher, ~66366 
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Figure 6.- Drag model on mobile launcher. 
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.1 .2 .3 .4 .5 - 0  .7 -8 -9 1.0 

9 - 
be/2 

(a) Parallel t o  f ree  stream. 

0 .1 a .3 .4 .5 .6 .7 .8 .9 1 .o 

b* 

(b) Perpendicular t o  the 40-percent-chord l ine.  

Figure 7.- Measured torsional rigidity of  wing. 
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(c) Photograph of test setup for obtaining torsional-rigidity data. 
Figure 7 .- Concluded. 
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.1 .e .3 .4 .0 .6 .7 .a .e 1.0 

(a) Load,applied along  the 50-percent-chord line. 

(b) Load applied  along the 25-percent-chord line. 

Figure 8.- Twist in t h e  free-stream  direction  per unit load  applied at 
various stations along the span. 



I 
(c) Photograph of test setup for obtaining t w i s t  due t o  bending. 

Figure 8.- Concluded. 
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Figure 9.- Static-presstre r a t io .  
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Ffgure 10.- Reynolds number of tes ts ,  based on mean aerodynamic chords. 
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Figure Xi.- TgPJcal lFft curves. 
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Figure 12.- Lift-curve slope of complete model. 
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Figure 13.- L i f t  effectiveness of elevator. 
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-400 -200 0 200 400 

NA 

(a) Transonic. 

(b) Supersonic. 

Figure 4.- Variation of wing normal force with airplane normal force 
during several typical oscillations. 



08 

a 0  

.4 

.2 

0 
.f .8 .Q 1.0  1.1  1.2  1.3  1.4  1.5 1.6 

Y 

Figure 15.- Rate of change of wing normal force Kith airplane normal force. 

Tail, inoluding domuaah 
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Figure 16.- Lif t -curve  slopes of model components. 
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Figure 17" IT * drag coefficients. 
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Figure 19.- Effect of l i f t  on drag. 
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F m  20.- l k x i m ~ ~  lift-drag ratios. 
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Figure 21.- Lift coefficients at which lllaxirmuR l if t-drag ratios occur. 
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(a) Period of oscillations. 
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.7 1.0 1.1 1.3 1.3 1-4 1.5 

Y 

(b) Slopes of the pitchingimament curve. 

Figure 22 .- Static  stability of model. 
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(a) Time to damp to one-” aqlitude. 
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(b) Pitching-moment damping factor * 
Figure 23.- Damping characteristics of short-period oscillations. 
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(a) Trim angles of attack. 
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(b) Trim lift coefficients . 
Figure 24.- Longi tudina l  trim characteristics. 
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Airplane aonfiguration 

- urn 
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.7 .9 1.0 1.1 1.2 1.3 1.4 1.5 
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Figure 25" Effectiveness  of  the  elevator in producing pitching moment, 

6 

Figure 26.- Pitching-mmnt coefficient  at zero angle  of  attack and zero 
elevator  deflection. 

Figure 27.- Downwash angle at zero angle of  attack. 
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